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(57) ABSTRACT

A cleaning system 1s disclosed for cleaning concrete residue
from a concrete mixer truck. The cleaning system may
include a water delivery system having one or more conduits
configured to deliver pressurized water to one or more spray
headers positioned at various back-end portions of the truck.
The cleaning system further includes one or more valves
configured to control the flow of pressurized water through
the one or more conduits to the one or more spray headers.
In various embodiments, the one or more valves are manu-
ally operable to control the release of water to the spray
headers. In other embodiments, the one or more valves are
controlled by a computing device through an electrical
coupling such as a communication bus. The cleaning system
may be configured to clean diflerent portions of the truck
using different sets of spray headers at different times as part
of a washing protocol.
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500

h

Operate an in-transit concrete mixing truck to dispense concrete.

202

After dispensing the concrete, operate a cleaning system coupled
to the truck to clean concrete residue from one or more back-end
portions of the truck, wherein the cleaning system includes a water
delivery system configured to deliver pressurized water via one or
more conduits to a plurality of spray headers coupled to the truck,
wherein the cleaning system further includes one or more valves
operable to control the release of pressurized water from the
plurality of spray headers to automatically clean one or more back-

end portions of the truck.
204

FIG. 16
520

.

922

After dispensing the concrete, instruct a cleaning system coupled
to the truck to initiate a process to clean concrete residue from the
fruck, wherein the cleaning system includes a water delivery
system configured to deliver pressurized water via one or more
conauits fo one or more spray headers coupled to the truck,
wherein the cleaning system further includes a computing device
electrically coupled to one or more valves and configured to
automatically operate the one or more valves to control the release
of pressurized water from the one or more spray headers to clean

concrete residue from one or more back-end portions of the truck.
224

FIG. 17
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CONCRETE MIXER TRUCK CLEANING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. appli-

cation Ser. No. 15/794,575 filed Oct. 26, 2017 (now U.S.
Pat. No. 10,737,664), which 1s a continuation of U.S.
application Ser. No. 15/261,922, filed Sep. 10, 2016 (now
U.S. Pat. No. 9,802,578), which claims the benefit of U.S.
Provisional Appl. No. 62/217,693, filed Sep. 11, 2015, and
U.S. Provisional Appl. No. 62/266,093, filed Dec. 11, 2015.
The disclosures of each of the above-referenced applications
are incorporated by reference herein in their entireties.

BACKGROUND

Ready-mix concrete 1s concrete that 1s chemically speci-
fied for 1ts purpose and then mixed, either at the concrete
batch plant or by a concrete mixer truck en route to a job site,
where the concrete 1s dispensed according to the customer’s
requirements. At the factory or central plant, concrete ingre-
dients (rock, sand, cement, tly ash, water, admixtures, fiber,
etc.) are funneled into the mixing drum powered by the
truck. These ingredients, when mixed, are highly adhesive
by nature. Accordingly, before entering public roads, the
portions of the truck around the area where the ingredients
were received are cleaned ofl to prevent buildup. As the
truck travels to the job site, the mixing drum typically rotates
to keep the ingredients active (1.e., not hardened) and to
ensure uniformity throughout the load. At the job site, the
wet concrete 1s discharged from the mixer through an
assembly that includes one or more hoppers and one or more
chutes. After the concrete 1s unloaded, it 1s necessary to
clean any area of the truck that came into contact with the
concrete.

Accordingly, 1n one embodiment, the dry imngredients for
concrete may be produced at a dry batch plant and then
mixed 1nto wet concrete 1 a concrete mixer truck while in
transit to a job site. In a different embodiment, wet concrete
may be produced at a central mix plant and then transported
to a job site 1n an agitating truck, which keeps the concrete
from setting while 1n transit. Regardless of whether the truck
actually mixes dry ingredients with water into wet concrete
or simply agitates pre-mixed wet concrete, similar cleaning
processes may be used. For purposes of this disclosure,
“mixing”” concrete and similar terms are defined as including
agitating pre-mixed concrete. Thus a “concrete mixer truck™
may be a truck that receives dry ingredients and mixes them
into wet concrete, or it may be a truck that receives wet
concrete and agitates the wet concrete to prevent premature
setting.

Industry-standard practice 1s for the operator to manually
clean the truck utilizing water from the on-board water
supply, which 1s directed through valves to hoses mounted
in close proximity to the portions of the mixer that will
require cleaning. Many concrete mixer trucks have two
hoses. A first hose 1s used for cleaning a lower portion of the
truck, typically from ground level, while a second hose
mounted at the top of a ladder platform 1s used for cleaning
those portions of the truck that cannot effectively be cleaned
from the ground.

The ready-mix concrete industry 1s, in effect, more of a
perishable freight logistics business than a construction
business. The contents of each truck, by design, will begin
to harden within a short time after being mixed. Each load
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must be carefully orchestrated and every minute 1s valuable.
Additionally, this industry operates on narrow profit margins
and relies on volume to realize financial gains, so truck fleet
elliciency and utilization are highly valued.

SUMMARY

The need for improved efliciency 1n delivering ready-mix
concrete 1s met by the various disclosed embodiments of
cleaning systems for in-transit concrete mixer trucks. Dis-
closed embodiments leverage existing water-based cleaning
systems present on mixer trucks to clean concrete residue
from back-end portions of the truck previously cleaned
manually by truck operators. (The terms “back-end” and
“rear-end” are used interchangeably herein.) These portions
include the collection hopper, drum surge blades, drum
discharge blades, drum shell, and drum drip ring. In some
embodiments, these cleaning systems include one or more
spray headers positioned at various locations on the back-
end of the truck to dispense pressurized water received
through one or more conduits (e.g., tubing) that are con-
nected to a water supply of the truck. One or more valves
control the flow of pressurized water to the one or more
spray headers. In some embodiments, the one or more valves
are configured to be manually operated to control the release
of water to the one or more spray headers. In other embodi-
ments, a computing device electrically coupled to the one or
more valves 1s configured to automatically operate the one
or more valves to control the release of water to the one or
more spray headers. These embodiments of the disclosed
cleaning system may provide a solution that obwviates the
need for a truck operator to climb a ladder to clean the
uppermost back-end portions of the truck that come nto
contact with wet concrete. In addition to this safety improve-
ment, this cleaning system will also result in improved fleet
elliciency, among other advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side view of one embodiment of a
concrete mixer truck.

FIG. 2 illustrates a rear portion of one embodiment of a
concrete mixer truck.

FIG. 3 illustrates a rear side portion of one embodiment
ol a concrete mixer truck.

FIG. 4 1llustrates a set of valves of one embodiment of a
cleaning system of a concrete mixer truck.

FIG. 5 illustrates a rear portion of one embodiment of a
concrete mixer truck.

FIG. 6 1llustrates a rear portion of another embodiment of
a concrete mixer truck.

FIG. 7 1llustrates a rear portion of another embodiment of
a concrete mixer truck.

FIG. 8 1llustrates a side view of a portion of an embodi-
ment of a concrete mixer truck.

FIG. 9 illustrates one embodiment of a water supply
system of a concrete mixer truck.

FIGS. 10A-10E 1illustrate one embodiment of a set of
spray headers configured to clean rear-end portions of a
concrete mixer truck.

FIGS. 11 A-11E illustrate another embodiment of a set of
spray headers configured to clean rear-end portions of a
concrete mixer truck.

FIG. 12 1illustrates a spray pattern according to one
embodiment.

FIGS. 13A-13B illustrate a valve assembly according to
one embodiment.
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FIG. 14 illustrates a schematic of a control architecture
according to one embodiment.

FIG. 15 illustrates a control panel according to one
embodiment.

FI1G. 16 illustrates an example of a process flow according,
to one embodiment.

FIG. 17 illustrates another example of a process flow
according to one embodiment.

FIG. 18 illustrates an example of a computing system that
may be used in accordance with this disclosure.

DETAILED DESCRIPTION

Existing concrete mixer trucks operate with an on-board
water supply. This water supply 1s typically used for two
primary purposes. First, water from the tank 1s used to
supply water to the drum during the concrete manufacturing
process (1.€., the making of concrete). This 1s not a cleaning,
function. Second, water from the tank 1s supplied to hoses
that can be used by an operator of the truck to manually
clean rear-end portions of the truck that have come into
contact with wet concrete. Because some of these portions
are located at the top-most portion of the truck and are thus
above a height where they can be cleaned effectively by an
operator standing on the ground, trucks are typically
equipped with a ladder that provides the operator access to
clean these locations. The ladder may be used for other
functions less frequently, but it 1s used for gaining access to
clean most frequently. The use of the ladder 1s disadvanta-
geous for at least two reasons. First, a very high percentage
of accidents and injuries associated with concrete mixer
trucks are a result of ascending and descending the ladder.
Any reduction in climbing events 1s of tremendous value to
the operator. Second, the ladder and platform add weight to
a class of vehicles that 1s highly regulated with respect to
weilght. The solutions described herein will reduce climbing,
events. They may also lead to removal of ladders from mixer
trucks altogether. But even if ladders are not removed from
trucks immediately, the automated cleaning systems dis-
closed herein will lead to a reduction 1n their use.

The disclosed cleaning systems automate and improve the
elliciency of this cleaning activity by using dedicated, con-
duits and spray headers that may in some embodiments be
permanently aflixed and are positioned to clean various
portions of the back-end of concrete mixer trucks in
response to operation of one or more valves. In some
embodiments, these valves may be operated manually. In
other embodiments, the one or more valves may be operated
automatically by a computing device.

Turning now to FIG. 1, a side view of concrete mixer
truck 100 1s shown. The chassis assembly of concrete mixer
truck 100 includes cab 104 1n which the driver sits and frame
110 coupled to the truck and configured to receive a payload.
Drum 102 for holding and mixing wet concrete and a water
supply system may further be coupled to the chassis assem-
bly. The water supply system includes, 1n this embodiment,
water tank 106, diaphragm pump 112, and various associ-
ated water lines 114. One of ordinary skill in the art will
recognize that various other types of pump may be used
instead of a diaphragm pump. For example, any type of
pump operable to pressurize water through electronic,
hydraulic, pneumatic, or other means may be used. In some
embodiments, diaphragm pump 112 may be operated via a
primary and/or secondary air supply system of a concrete
mixer truck. In other embodiments, the water tank 1tself may
supply pressure without the use of a separate water pump.
The water supply system and functional equivalents thereof
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may be referred to as a “water delivery means for providing
water.” Concrete mixer truck 100 further includes back-end
portion 108, discussed 1n more detail below.

In the embodiment depicted in FIG. 1, water tank 106
need not be under pressure. Diaphragm pump 112 may draw
water from water tank 106 from water line 114 shown 1n the
top center portion of the tank. (Although 1t cannot be seen
in FIG. 1, this water line 114 extends within the tank to draw
water from the bottom of the tank.)

The embodiment depicted in FIG. 1 may thus be consid-
ered a non-pressurized system, in that water tank 106 may
be at ambient air pressure. In other embodiments, water tank
106 may be pressurized, for example to a relatively low
pressure, such as 55 PSI. In both pressurized and non-
pressurized embodiments, however, the water 1s typically
pressurized by the time 1t 1s used for cleaning. That 1s, the
water eventually delivered to the spray headers may be at
some higher pressure even 1n a non-pressurized system; for
example, various types of spray header may work well with
water pressures 1n the range of 40 to 150 PSI. For example,
diaphragm pump 112 may receive water (pressurized or
unpressurized) from water tank 106, and then pressurize the
received water to a pressure of approximately 100-1350 PSI.
In some embodiments, air pressure (e.g., from the truck’s
existing air tank and air compressor, or via a separate pump,
etc.) may be used to pressurize water tank 106 and direct
water to the rear of the truck via one or more of water lines
114. Other options include a stand-alone pressure storage
tank configured to provide consistent water pressure for
longer periods of time and with less reliance on the truck’s
air compressor to supply newly compressed air.

Turning now to FIG. 2, the back-end of concrete mixer
truck 100 1s shown. There are a number of elements of the
back-end of a concrete mixer truck that come into contact
with wet concrete during the discharge process; only some
of these are visible 1n FIG. 2, and others will be 1llustrated
in other figures. As shown in FIG. 2, the back-end of
concrete mixer truck 100 includes charge hopper 130, col-
lection hopper 132, and chute 134.

The phrase “discharge assembly” generally refers to a
series of structures configured to receive and direct the
concrete expelled from the drum for dispensing at a job site.
In this embodiment, the discharge assembly includes col-
lection hopper 132 (configured to receive expelled concrete
from the drum) and one or more chutes 134 (configured to
receive and direct concrete from the collection hopper).

The phrase “rear portion of the drum” refers to various
other elements (not visible 1 FIG. 2) that may come into
contact with wet concrete. The rear portion of drum 102 may
include surge blades 135 used to help reduce the surging of
large quantities of concrete from the drum at once; discharge
blades 136 that actually expel concrete from drum 102;
drum drip ring 137, which 1s the lip around the cavity n
drum 102 where concrete 1s expelled; and drum shell 138,
which 1s the inside surface of drum 102 itself (These
clements that are not visible in FIG. 2 are shown 1n FIGS.
10A and 11A.)

Various embodiments of the disclosed cleaning systems
are configured to automatically clean the rear portion of the
drum, at least a portion of the discharge assembly, or both.
In some embodiments, only a portion of the discharge
assembly (e.g., collection hopper 132) 1s cleaned automati-
cally; in these embodiments, chute(s) 134, which are located
in closer proximity to the ground, may still need to be
cleaned manually. As used herein, the concept of “automati-
cally” cleaning rear-end portions of a concrete mixer truck
includes an operator imitiating and carrying out the washing
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process without physically having to direct or operate a
hose, the headers, or nozzles performing the cleaning. As
will be discussed below, 1n some embodiments, an operator
(either the driver of the truck or any other individual) may
initiate the cleaning process by manually operating one or
more valves. In other embodiments, an operator may initiate
the cleaning process by interacting with a computing device.
In yet other embodiments, cleaming functions may be 1niti-
ated without direct human intervention, for example by a
computing device receiving information from the truck, or
from a GPS unit, etc., and being programmed to initiate
cleaning without human intervention. For example, a wash-
ing protocol could be mitiated when a truck reaches a
selected location; alternatively or in addition, a washing
protocol could be 1nitiated when a certain event 1s detected
to have occurred (e.g., the truck has completed loading or
unloading). Thus, as used herein, an operator who uses a
hose to direct the flow of pressurized water to clean a
concrete mixer truck i1s not “automatically” cleaning the
truck, in contrast to cleaning system embodiments disclosed
herein. In some embodiments, however, portions of the
discharge assembly and/or rear portion of the drum may be
cleaned automatically according to this disclosure, while
other portions may be cleaned manually.

Turning now to FIG. 3, an embodiment 1s shown that
includes valves 140, some or all of which may be used for
operating an automatic cleaning system according to this
disclosure. However, this embodiment also includes hose
142 for additional manual cleaning operations, should such
manual cleaning operations be necessary 1n addition to
automatic cleaning. Such an embodiment might be used, for
example, to allow an operator to automatically clean col-
lection hopper 132, but manually clean chute(s) 134. Or
such an embodiment might be used to allow an operator to
automatically clean a given portion of the rear end of
concrete mixer truck 100 and manually clean some other
portion. Various other combinations of automatic and
manual cleaning will be apparent to one of ordinary skill in
the art with the benefit of this disclosure.

Turning now to FIG. 4, a close-up view of one embodi-
ment of a set of valves 140 operable to dispense water 1s
shown. Valves 140 include valve 140A, valve 140B, and
valve 140C. Water supply line 160 supplies water to the
cleaning system from diaphragm pump 112 (as depicted 1n
FIG. 1). This water has four possible points of exit. First, the
water 1s supplied to a manually operable hose 142 that 1s
usable to manually clean lower portions of a rear end of the
truck. Second, the water 1s supplied to valve 140C, which
includes a conduit that 1s used to inject water into the drum
in order to manufacture concrete. (Valve 140C 1s thus not
used for cleaning purposes.) Finally, the water tlows through
water filter 162 (e.g., an inline water filter) to valves 140A
and 140B. Use of a water filter may be desirable 1n some
embodiments to eliminate debris that could clog the spray
headers that are used to direct cleaning water onto the
various surfaces to be cleaned. In some embodiments, water
filter 162 may be 1n line before valve 140C 1nstead of after.
In yet other embodiments, water filter 162 may be omitted
altogether.

In the embodiment shown 1n FIG. 4, valve 140A 1s used
to operate a group of spray headers (headers 301-306, as
depicted 1n FIGS. 10A-E and 11A-E) primanrily associated
with cleanming the collection hopper. Valve 140B, on the
other hand, 1s used to operate a diflerent group of headers
(headers 307 and 308) that are primarily associated with
cleaning a rear portion of the drum and/or drip ring (as
depicted in FIG. 11A). In other embodiments, different
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arrangements may be used, such that any desired subset of
one or more spray headers may be operated by a given valve.

FIG. 4 depicts a plurality of conduits 164 (e.g. flexible
tubing) respectively coupled to valves 140A and 140B. A
different type of conduit 1s shown attached to valve 140C.
One of ordinary skill in the art with the benefit of this
disclosure will understand various types of suitable conduit
that may be used with any or all of valves 140. The various
spray headers disclosed herein and functional equivalents
thereol may be referred to (individually or collectively) as
“cleaning means for washing” a portion of a concrete mixer
truck. The valves and functional equivalents thereof may be
referred to as “‘control means for operating” a cleaning
system. In embodiments 1n which the valves are operated via
a computing device, the computing device and functional
equivalents thereof may also be considered to be part of the
“control means for operating” the cleaning system.

In some embodiments, one or more of valves 140 may be
operated by spring-loaded levers (sometimes known as dead
man’s switches or dead man’s valves), such that when they
are not actively engaged (e.g., held down) by an operator, the
switch will move back to the “off” position, closing the
valve. In other embodiments, the valves are operated by a
standard switch that remains open until manually moved
back to the off position. In other embodiments, the cleaning
system may include one or more timing devices (e.g., a
digital display) configured to display information regarding
a length of time that a valve has been activated. For example,
such a device might display a length of time that a valve has
been opened, or provide a countdown from some predeter-
mined washing iterval. Such devices and their equivalents
may be usable to aid the operator 1n knowing when to close
a valve that has been opened. In various embodiments, such
timing devices may be used to notily the operator that
suflicient time has passed, or to automatically close a given
valve when suflicient time has passed.

Turning now to FIG. 5, another view of the rear portion
of concrete mixer truck 100 1s shown. The various elements
included 1in FIG. 5 have been described above, and FIG. §
shows a different perspective to aid in understanding their
arrangement 1n one embodiment. Charge hopper 130, col-
lection hopper 132, chute 134, valves 140, and hose 142 are
visible 1n this figure.

Turning now to FIG. 6, one embodiment of a rear, driver
side portion of concrete mixer truck 100 1s depicted. As with
FIG. 5, the various elements included 1in FIG. 6 have been
described above, but FIG. 6 shows a diflerent perspective to
aid 1n understanding their arrangement in one embodiment.
FIG. 6 shows the positioning of valves 140 and conduits 164
previously discussed. As will be discussed further below,
one of the conduits 164 from valve 140 A may be coupled to
spray headers on both sides of the truck. Accordingly, 1n one
embodiment, this particular conduit 164 splits on the driver
side of the truck, and a portion of this particular conduit 164
1s routed up over drum hoop 180 to the passenger side of the
truck. In other embodiments, differing numbers of valves
may be used, as well as diflerent conduit routing paths.

FIG. 6 also depicts a standard hose 142 coupled to the
pressurized water supply, which may be used for manual
cleaning as needed. Note that 1n this embodiment, due to the
automated cleaning system, there 1s a reduced need for a
ladder or another hose to clean the upper portions of the
mixer rear end. (On the particular mixer truck shown in FIG.
6, the ladder and upper hose have been eliminated alto-
gether.) FIG. 6 further shows the relation of collection
hopper 132 to drum 102. As can be seen, collection hopper
132 1s a funnel-like structure positioned next to drum 102 to
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receive expelled concrete. In some embodiments, a guard
structure 170 (not shown in FIG. 6, but discussed below)
may be used on the driver’s side of collection hopper 132.
A similar guard structure may also be included on the
passenger side of collection hopper 132. As will be shown
in FIGS. 10A and 11A, this guard structure is positioned
over a bracket to which various spray headers are athxed.
Guard structure 170 1s configured to protect the spray
headers from being damaged by any foreign objects (e.g.,
tree limbs), particularly during transit. Some embodiments
may of course omit one or both of such guard structures.
Below collection hopper 132 is a portion of the main chute
(not labeled), which may be movable to dispense concrete as
needed.

As shown, hose 142 1s coupled to concrete mixer truck
100 via hook 148. In some embodiments, hook 148 may be
open on top such that the hose and nozzle may be lifted off,
and 1n other embodiments a closure mechanism may be used
to secure the hose and/or nozzle 1n place against concrete
mixer truck 100. Hook 148 and functional equivalents
thereol may also be referred to as “retention means for
securing”” the hose and the nozzle.

Turning now to FIG. 7, another view of the rear portion
of concrete mixer truck 100 1s shown. The various elements
included 1n FIG. 7 have been described above, and FIG. 7
shows a diflerent perspective to aid in understanding their
arrangement 1n one embodiment. In particular, one branch of
split conduit 164 mentioned above 1s shown passing over
drum 102 to feed a set of spray headers on the passenger side
ol concrete mixer truck 100.

Turning now to FIG. 8, another view of the rear portion
ol concrete mixer truck 100 1s shown. The various elements
included in FIG. 8 have been described above, and FIG. 8
shows a different perspective to aid in understanding their
arrangement 1n one embodiment. In particular, FIG. 8 shows
the branch of split conduit 164 routed to a set of spray
headers on the passenger side of collection hopper 132.
Various other embodiments of possible hose routing will be
apparent to one of ordinary skill in the art with the benefit
of this disclosure.

Turning now to FIG. 9, a close-up view of the water
supply system from FIG. 1 1s shown. As shown, in this
embodiment, the water supply system includes water tank
106, diaphragm pump 112, and various associated water
lines 114.

Turning now to FIGS. 10A-E, several views of embodi-
ments of passenger side bracket 200 containing spray head-
ers 301, 302, and 303 i1s shown. FIG. 10A shows a view of
passenger side bracket 200 installed 1n concrete mixer truck
100. FIG. 10B shows a perspective view of passenger side
bracket 200 1n 1solation. FIG. 10C shows a view of the back

side of passenger side bracket 200. FIG. 10D shows a view
of the front side of passenger side bracket 200. And FIG.
10E shows an exploded view of passenger side bracket 200.
As shown 1n these figures, spray headers 301-303 are
supplied with pressurized water via one of conduits 164, as
well as hose assemblies 312.

Spray headers 301-303 are positioned to clean the pas-
senger-side back-end portions of concrete mixer truck 100
(and more specifically, the passenger side of collection
hopper 132). The headers depicted 1n these figures are
supplied water by one of conduits 164 coupled to valve
140A. The portion of conduit 164 that feeds headers 301-
303 1s shown coming from around the drum, where it may
have been routed around drum hoop 180 as described above

(and as pictured 1n FIG. 11 A below).
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As shown, a bottom portion of passenger side bracket 200
1s fixedly coupled to a passenger side portion of collection
hopper 132. Passenger side bracket 200 extends upward and
then makes a substantially 90-degree turn toward the driv-
er’s side. This portion of passenger side bracket 200 permits
coupling to the depicted guard structure 170 and also
includes apertures for headers 302 and 303. Passenger side
bracket 200 may be bolted, welded, or coupled 1n any other
suitable manner to collection hopper 132 and/or guard
structure 170. Header 302 1s configured to dispense water to
clean collection hopper 132 and drip nng 137, while header
303 1s configured to clean collection hopper 132 (particu-
larly the back right corner thereot).

Passenger side bracket 200 then makes another turn
upward, culminating in an angled top portion that houses
header 301. Header 301 1s positioned to clean an 1nterior rear
surface ol the passenger side of collection hopper 132. In
some embodiments, headers 301-303 are configured to clean
only a portion of the truck extending from approximately a
center longitudinal axis of the truck toward the passenger
side of the truck. In this manner, spray patterns from these
headers do not interfere with corresponding headers 304-306
described with reference to FIGS. 11A-E that are positioned
to clean driver-side portions of collection hopper 132 and
drip ring 137. (An embodiment of some spray patterns from
spray headers 301-307 1s shown 1n FIG. 12.) One of ordinary
skill in the art with the benefit of this disclosure will
understand that 1n some embodiments, multiple spray head-
ers may be directed toward the same area to clean that area
from multiple angles.

FIG. 10E shows an exploded view of passenger side
bracket 200 and related parts. The following parts are
depicted in one possible arrangement: passenger side
bracket 200, conduit 164, hose assemblies 312, brass bulk-
heads 314, brass elbow 316, brass pipe plug 318, full jet
nozzles 320, detlected flat spray nozzle 322, three-port
manifold 324, machine screws 326, nuts 328, bolts 330, and
washer 332.

Turning now to FIGS. 11A-E, several views of embodi-
ments of driver side bracket 202 and separate bracket 204
are shown, including spray headers 304-308. FIG. 11A
shows a view of driver side bracket 202 and separate bracket
204 1nstalled 1n concrete mixer truck 100. FIG. 11B shows
a perspective view of driver side bracket 202 and separate
bracket 204 1n 1solation. FIG. 11C shows a view of the back
side of driver side bracket 202. FIG. 11D shows a view of
the front side of driver side bracket 202. And FIG. 11E
shows an exploded view of driver side bracket 202. The
bottom-most conduit 164 shown in FIG. 11A 1s coupled to
valve 140A and provides water for headers 304-306. Header
304 operates 1n an analogous manner to header 301, cleaning
the interior rear surface of the driver side of collection
hopper 132. Headers 305 and 306 function similarly to
headers 302 and 303. Headers 304-306 are secured to driver
side bracket 202, a portion of which 1s similar 1n shape to
passenger side bracket 200. In particular, in some embodi-
ments, driver side bracket 202 may include a portion that 1s
essentially a mirror image of passenger side bracket 200.

As shown, however, driver side bracket 202 may further
include an angled portion that extends upward beyond the
portion that 1s similar to passenger side bracket 200. This
portion secures header 307, which 1s a high-water-volume
header angled to dispense water to clean surge blades 135,
discharge blades 136, drip ring 137, drum shell 138, etc.
Header 307 may also cause water to ricochet from an
exterior surface of charge hopper 130, providing further
cleaning to the rear portions of drum 102. An additional
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header 308 may also be used as shown i1n FIGS. 11A and
11B. In some instances, header 308 may be in other loca-
tions; for example, header 308 may be on either side of the
truck, and 1t may or may not be attached to a bracket such
as separate bracket 204.

Headers 307 and 308 are both supplied water in this
embodiment by valve 1408, which is connected to another
one ol conduits 164. One portion of the conduit 164 from
valve 140B can be seen at the bottom of FIG. 11A, just
above the condut that supplies water to headers 304-306.
(Distribution hoses may also be used for some headers,
similar to hose assemblies 312 shown 1n FIGS. 10A-10D.)
Another portion of conduit 164 can be seen feeding header
308, which i1s secured to separate bracket 204. Header 308
1s positioned to clean the drip ring. As with passenger side
bracket 200, driver side bracket 202 1n this embodiment may
also be covered by a metallic guard structure 170 configured
to protect headers 304-307. Various embodiments may
implement only a portion of the pictured spray headers as
needed for a particular mixer configuration, or may 1mple-
ment different arrangements of such spray headers, etc. In
one embodiment, for example, one or more headers may be
omitted, and larger headers may be used 1n one or more
nearby positions. For example, header 308 may be omitted
in one embodiment, and header 307 may be a larger header
to maintain cleaning efliciency.

FIG. 11E shows an exploded view of driver side bracket
202, separate bracket 204, and related parts. The following
parts are depicted 1n one possible arrangement: driver side
bracket 202, separate bracket 204, conduit 164, hose assem-
blies 312, brass bulkheads 314, brass elbow 316, brass pipe
plug 318, full jet nozzles 320, v-jet nozzle 321, flat fan spray
nozzle 323, three-port manifold 324, machine screws 326,
nuts 328, bolts 330, washer 332, brass elbow 336, brass tee
338, and brass reducer bushing 340.

Turning now to FIG. 12, an embodiment illustrating spray
patterns from the spray headers attached to passenger side
bracket 200 and driver side bracket 202 1s shown. Guard
structures 170 are omitted in this figure for the sake of
clanity. (Guard structures 170 may be removable or perma-
nently attached in different embodiments.)

As shown 1n FIG. 12, headers 301-303 are coupled to
passenger side bracket 200 and generally provide cleaning to
the passenger side of collection hopper 132 and drip ring
137. Headers 304-306 are coupled to driver side bracket 202
and generally provide cleaning to the passenger side of
collection hopper 132 and drip ning 137. Header 307 1s also
coupled to driver side bracket 202 and generally provides
cleaning to the middle of discharge blades 136. Header 307
may also cause water to ricochet from an exterior surface of
charge hopper 130, providing further cleaming to the rear
portions of drum 102. Header 308 1s omitted 1n this embodi-
ment.

One skilled m the art will appreciate various possible
advantages of the disclosed embodiments. If a truck can
return to the plant to receive another load more quickly, the
concrete producer can deliver more loads per day and
improve profitability, thereby reducing costs. Further, if an
operator can reduce or eliminate the number of times he or
she has to climb the ladder to clean the truck, the number of
talling, stumbling, and tripping injuries will be reduced or
climinated. The disclosed cleaning system also has various
salutary environmental impacts, including reducing the vol-
ume of water being used and reducing the engine idle time
on the truck. Additionally, more loads per day per truck will
reduce the number of trucks required to deliver the same
amount of concrete each day. Still further, the use of the
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disclosed cleaning system may allow the owners of the
concrete mixer truck to remove the ladder and platiorm
assembly altogether. Such a removal could save well over
200 pounds of weight from the mixer. Concrete trucks are
highly regulated by local weight enforcement oflicers for
total weight, weight per axle, number of axles, and distance
between axles. Engineers work tirelessly to find ways to
make trucks and mixers lighter 1in order to gain compliance
and 1improve legal payload. Finally, mixer operators would
appreciate the convenience ol automating a time-consums-
ing, monotonous task. Moreover, because some mixer
operators receive bonuses for carrying more loads, wages
may improve 1f an operator can carry more loads 1n the same
shift. In short, the disclosed cleaning system can lead to
increased fleet efliciency, safety, and morale, as well as
reduced environmental impact and truck weight.

According to some embodiments, a cleaning system
according to this disclosure may be distributed as a modular
“kit” that may be retrofit onto an existing concrete mixer
truck. One of ordinary skill 1n the art with the benefit of this
disclosure will understand the various modifications that
may be made to, for example, passenger side bracket 200
and driver side bracket 202, to allow them to be fit to a
desired truck.

In some embodiments, the depicted valves 140A and
140B are configured to be operated manually to imitiate
automated cleaning of rear-end portions of the truck. In
other embodiments, these valves (and optionally, valve
140C or any similar valve used for water injection into the
drum) may be operated automatically by a computing device
such as a microcontroller electrically coupled to the valves.
For example, such a computing device could be used to
operate a solenoid to actuate the valves; alternatively, the
computing device could be coupled to the air system of the
concrete mixer truck, and the valves could be pneumatically
actuated. One example of such a computing device 1is
described below with reference to FIG. 15. The electrical
coupling between such a computing device and valves 140
may be hardwired or wireless. Alternately, the computing,
device may be connected to the one or more valves via a
communication bus.

One example of a communication bus between the com-
puting device and valves 140 may operate according to a
CAN (controller area network) bus protocol. CAN bus 1s a
vehicle bus standard designed to allow microcontrollers and
devices to communicate with each other, for example 1n
applications without a host computer. CAN bus 1s a mes-
sage-based protocol, designed originally for multiplex elec-
trical wiring within automobiles, and 1t may be well-suited
for coupling a computing device to valves 140.

In one embodiment, the computing device may be pro-
grammable to carry out a specified washing protocol. A
washing protocol may specily what headers are to be turned
on at what times, and may also specity a duration or a water
volume amount for a particular cleaning cycle. This may
provide additional benefits. For example, by keeping track
of how much water has flowed into the drum, an operator
might opt to leave that water in the drum and incorporate 1t
into the next batch of concrete rather than emptying 1t out.
This capability may decrease water use, decrease waste
cleanup, and increase efliciency.

In some embodiments, a washing protocol may specily
that different groups of headers are to be turned on at
different times by different valves. (Such embodiments may
provide additional washing pressure, by limiting the flow
rate to only a subset of headers at a single time.) In other
embodiments, a washing protocol may specity that all
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headers are turned on at once 1n a single washing cycle. In
some of these embodiments, the computing device may also
be configured to turn ofl the one or more valves when a
washing protocol (or a portion thereot) 1s complete. In some
embodiments, a valve may be actuated that drains the water
lines after a washing protocol has been completed (e.g., to
prevent 1ssues with water freezing in the lines). For example,
such a washing protocol may be programmed into the
computing device permanently, or 1t may be operator-con-
figurable. For example, 11 an operator notices that a particu-
lar portion of a concrete mixer truck 1s not being cleaned
adequately by a built-in washing protocol, it may be appro-
priate to increase an amount of time during which the
corresponding spray header(s) are operated. In some cases,
different washing protocols may also be selected for difler-
ent types of concrete, or for any other desired purpose.
Programming of the computing device may, in various
embodiments, be accomplished via a console permanently
coupled to a concrete mixer truck, via a separate console
temporarily coupled to the concrete mixer truck, etc. For
example, 1n some embodiments, a separate console may
connect wirelessly or via a wired connection to the com-
puting device that controls the washing protocol.

In some embodiments, other functions on a concrete
mixer truck that are not typically associated with washing,
may also be automated according to a washing protocol. For
example, a washing protocol may include specified rotations
of the drum of the truck before, during, or after washing. For
example, an embodiment of a washing protocol might
specily that the drum should rotate continuously during the
washing at a specified speed, or 1t might specily that the
drum should rotate to a given orientation before, during, or
alter the washing, etc. Further, in some embodiments, a
washing protocol may include various types of warnings
(such as warning lights, audible alarms, etc.) that may notily

personnel that washing 1s 1 process or 1s about to com-
mence.

In some embodiments, a washing protocol may employ
one or more safety interlocks. For example, a protocol may
specily that the concrete mixer truck must be 1n neutral gear,
and/or that the parking brake must be applied. If either or
both of these conditions are not satisfied, the washing
protocol may not commence.

In some embodiments, one or more cameras may further
be coupled to the computing device to provide pictures or
video of the cleaning process. For example, a video screen
may be included within the cab of a concrete mixer truck so
that an operator can monitor the cleaning process. Such
cameras may be coupled via a CAN bus protocol, or some
other electronic coupling method. In some embodiments,
signals from such cameras may be transmitted to the cab
(and/or some other location) wirelessly.

Turning now to FIGS. 13A-13B, an example of valve
assembly 350 according to one embodiment 1s shown. FIG.
13 A shows the front side of valve assembly 350, including
mainly pneumatic air valves; FIG. 13B shows the back side
of valve assembly 3350, including mainly pneumatically
actuated water valves. Valve assembly 350 may be used to
allow a computing system to pneumatically control the
operation of various water valves by electronically control-
ling the operation of corresponding pneumatic air valves.

As shown 1n FIG. 13 A, pressurized air 1s supplied via air

supply 356. The pressurized air 1s routed to air valves 338a
(Air Valve #1), 3586 (Air Valve #2), and 358¢ (Air Valve
#3). Air valves 358a, 358b, and 358¢ are electronically

actuated air valves that may be controlled via an onboard
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computing system (e.g., via a CAN bus protocol) 1n accor-
dance with a selected washing protocol.
The pneumatic outputs of air valves 358a, 3585, and 358¢

are routed through valve assembly 350 to respective water
valves 360a (Water Valve #1), 3605 (Water Valve #2), and

360c (Water Valve #3), visible 1n FIG. 13B. Water valves

360a, 3606, and 360c¢ receive pressurized water via water
inlet 362. Output 352 from water valve 360a 1s used to direct
water to spray headers located at the drum blade and drip
ring, and output 354 from water valve 3605 1s used to direct
water to spray headers located at the collection hopper 1n this
embodiment. Water valve 360c¢ 1s a dump valve that 1s used
to drain the various water lines through drain 364 back to the
water tank after a cleaning cycle has been completed.
One-way check valves 380 are used to prevent water from
flowing in the wrong direction. This arrangement of valves
1s discussed 1n more detail in schematic form 1 FIG. 14.

Turning now to FIG. 14, a schematic 1s shown that depicts
a control architecture according to one embodiment. As
shown, three air valves and three water valves may be used
to control this embodiment. One of ordinary skill in the art
with the benefit of this disclosure will understand that other
numbers of air and water valves may be used in other
embodiments.

FIG. 14 depicts various types ol connections between
components. As shown, electrical wiring, pressurized air
lines, pressurized water lines, and drain water lines are all
shown with different line styles. A pneumatically powered
water pump draws water from the water tank, pressurizes the
water, and supplies it to Water Valves #1 and #2.

Air Valves #1, #2, and #3 may be electronically operated
solenoid valves. In normal (not energized) state, they are all
closed. Water Valves #1, #2, and #3 may be pneumatically
operated On/Off control valves coupled respectively to Air
Valves #1, #2, and #3. In normal (not actuated) state, Water
Valves #1 and #2 are closed; Water Valve #3 1s open. Water
Valves #1 and #2 are used to control spray headers used for
cleaning, wherein Water Valve #3 1s a dump valve that 1s
used to drain the water lines after a cleaning cycle has been
completed.

As shown, the two electrical outputs from the Can Bus
Controller are respectively operable to actuate Air Valves #1
and #3, or Air Valves #2 and #3. Further, one-way check
valves 380 are installed to prevent water from back-flowing
from the water tank to the various nozzles. Diodes 382 are
positioned to prevent signals from Air Valve #3 from trav-

clling back to Air Valve #1 or #2.

A brief overview of the connections shown 1n FIG. 14 has
now been supplied. Additional discussion 1s provided below
regarding which air and water valves may be actuated at
selected times, according to various washing protocols.

Turning briefly to FIG. 15, an example of a control panel
450 according to the present disclosure 1s shown. Control
panel may be located near the rear portion of a concrete
mixer truck in some embodiments, or in the cab in other
embodiments. Various functions, including both cleaning
and non-cleaning functions, may be activated from control
panel 450.

For example, as shown, the drum rotation direction may
be selected for either charge or discharge mode. Further,
drum rotation may be paused. Chute controls (up, down,
lock, and unlock) are also provided via control panel 450.
Lights may be turned on or ofl, the hopper may be tilted, and
the speed of the engine may be adjusted. Finally, various
cleaning functionalities may be activated via the AUX 1 and
AUX 2 buttons. One of ordinary skill in the art with the
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benefit of this disclosure will understand that various other
control panels may also be used to control such function-
alities.

In some embodiments, both “primary wash cycles” and
“secondary wash cycles” may be available according to this
disclosure. The term “primary wash cycle” 1s generally used
to refer to washing protocols that clean portions of the
back-end of the concrete mixer truck, such as the drum
blades, drip ring, collection hopper etc., which cannot eflec-
tively be cleaned from the ground level but would require
the operator to climb a ladder to clean. The term *“secondary
wash cycle” 1s used to refer to washing protocols that clean
the cleaning system 1tself by flushing the spray headers and
wetting the collection hopper after loading materials mto the
drum to be mixed 1nto concrete. The secondary wash cycle
may operate 1n very short blasts of water designed to make
the overall system more eflective and easier to maintain.

Additional wash cycles are available 1n some embodi-
ments to clean other mixer components such as the charge
hopper, or other areas that commonly accumulate concrete
buildup.

A primary wash cycle may be broken down into separate
portions 1n order to increase cleaning efliciency by increas-
ing the pressure available at the spray headers. That 1s, by
turning on only a subset of spray headers, the available water
pressure may be greater. In one embodiment, a primary wash
cycle may be broken down into primary wash cycle #1,
which cleans the drum blades and drip ring, and primary
wash cycle #2, which cleans the collection hopper.

A secondary wash cycle may operate, for example, by
actuating valves to create a brief blast of water from the
different spray headers. For example, a secondary wash
cycle might be broken down into secondary wash cycle #1,
which clears the drum blades and drip ring nozzles of any
dust build up that has accumulated during the loading
process, and secondary wash cycle #2, which clears the
collection hopper nozzles (or other portions of the mixer that
regularly need cleaning, such as the charge hopper) of any
dust build up. Typically, satety interlocks may be imposed
on primary wash cycles, but they may be omitted 1n some
embodiments for secondary wash cycles.

In some embodiments, certain wash cycles (e.g., second-
ary wash cycles) may be mitiated without human interven-
tion and without being explicitly requested. For example, a
computing device may detect that a loading functionality has
been activated and thus deduce that the drum has been
loaded; after this detection, the computing device might
initiate a selected washing protocol consistent with a loaded
drum, such as clearing the nozzles of the cleaning system
and/or washing the charge hopper. For example, such a
washing protocol may be mitiated based upon a detection
that the parking brake i1s applied, but without a specific
instruction from an operator.

Turning back to FI1G. 14, to mitiate a primary wash cycle,
a user may 1ssue a primary wash command and select a
rotation direction for the drum. (For example, the drum may
be operated 1n either a discharge mode or a mixing mode
during the wash cycle.) The CAN Bus controller may then
check with the truck engine control module (ECM) {for
safety interlocks. For example, 1t may be verified that the
truck 1s 1n neutral, and that the parking brake i1s applied.

Further, 1f the truck’s engine 1s operating at too high or too
low an RPM, it may automatically be brought to a selected
RPM speed, and the drum may start rotating at a selected
rotation speed in the desired direction. In some embodi-
ments, the washing protocol may specity the RPM speed
and/or the drum speed; 1n other embodiments, the RPM
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speed and/or the drum speed may be dependent upon the
particular hardware of the truck. Once the drum reaches the
correct speed, the controller may engage the primary wash
cycle by simultaneously sending electrical signals to both
Air Valves #1 and #3. Air Valve #1 sends pressurized air to
Water Valve #1, opening that valve to allow pressurized
water to tlow to the spray headers at the drum blade and drip
ring. Air Valve #3 sends pressurized air to Water Valve #3,
closing that valve to prevent water from flowing back into
the water tank. A one-way check valve also blocks water
from back-feeding into the collection hopper spray headers.

Primary wash cycle #1 may last for some 20 seconds. At
the end of primary wash cycle #1, a brief delay of some 5
seconds may be included. After this delay, primary wash
cycle #2 1s automatically mmitiated. During primary wash
cycle #2, the controller simultaneously sends electrical sig-
nals to both Air Valves #2 and #3. Air Valve #2 sends
pressurized air to Water Valve #2, opening that valve to
allow pressurized water to tlow the spray headers at the
collection hopper. Air Valve #3, as above, sends pressurized
air to Water Valve #3, closing that valve to prevent water
flow back to the water tank. A one-way check valve also
blocks water from back-feeding into the drum blade and drip
ring lines. Primary wash cycle #2 may last for some 20
seconds. At the end of primary wash cycle #2, the system
may go back into standby state, and any remaining water in
the nozzle lines may drain back to the water tank through
Water Valve #3, which opens 1n the absence of pressure from
Air Valve #3.

To 1mitiate a secondary wash cycle, a user may 1ssue a
secondary wash command. The CAN Bus controller may
then send electrical signals to both Air Valves #1 and #3. Air
Valve #1 sends pressurized air to Water Valve #1, opening
that valve to allow pressurized water to flow to the spray
headers at the drum blades and drip ring. Air Valve #3 sends
pressurized air to Water Valve #3, closing that valve to
prevent water from flowing back to the water tank. A
one-way check valve also blocks water from back-feeding
into the collection hopper lines. Secondary wash cycle #1
may last for some two seconds. During secondary wash
cycle #2, the controller simultaneously sends electrical sig-
nals to both Air Valves #2 and #3. Air Valve #2 sends
pressurized air to Water Valve #2, opening that valve to
allow pressurized water to tlow to the spray headers at the
collection hopper. Air Valve #3 sends pressurized air to
Water Valve #3, closing that valve to prevent water from
flowing back to the water tank. A one-way check valve also
blocks water from back-feeding into the drum blade and drip
ring lines. Secondary wash cycle #2 may last for some two
seconds. At the end of secondary wash cycle #2, the system
may go back into standby state, and any remaining water in
the lines may drain back to the water tank through Water
Valve #3, which opens 1n the absence of pressure from Air
Valve #3.

The embodiments described above are configured to
automatically clean the collection hopper, a rear portion of
the mixing drum, or both. In other embodiments, additional
conduits and headers may be deployed to clean other areas
of the truck. For example, in other embodiments, the dis-
closed cleaming system may be configured to clean the
charge hopper or any of the one or more chutes in the
discharge assembly.

Certain example process flows in accordance with this

disclosure are now presented.

Example Process Flows

Turning now to FIG. 16, an example of a process flow 500
in accordance with this disclosure 1s shown. Flow begins at

step 502.



US 11,926,291 B2

15

At step 502, an in-transit concrete mixer truck 1s operated
to dispense concrete. (The reference to an “in-transit” con-

crete mixer truck refers to the fact that the truck 1s operable
to mix concrete while 1n transit.) For example, the in-transit
concrete mixer truck may prepare concrete while 1n transit
to a destination, and then dispense the concrete with dis-
charge blades such as discharge blade 136. Flow proceeds to
step 504.

At step 504, after dispensing the concrete, a cleaning
system coupled to the truck 1s operated to clean concrete
residue from one or more back-end portions of the truck. At
step 504, it 1s noted that the cleaning system includes a water
delivery system configured to deliver pressurized water via
one or more conduits to a plurality of spray headers coupled
to the truck, wherein the cleaning system further includes
one or more valves operable to control the release of
pressurized water from the plurality of spray headers to
automatically clean one or more back-end portions of the
truck. Flow ends at step 504.

Turning now to FIG. 17, another example of a process
flow 520 according to this disclosure 1s shown. Flow begins
at step 3522.

At step 522, an in-transit concrete mixer truck 1s operated
to dispense concrete. As above, the in-transit concrete mixer
truck may prepare concrete while in transit to a destination,
and then dispense the concrete with discharge blades such as
discharge blade 136. Flow proceeds to step 524.

At step 524, after dispensing the concrete, an operator or
computer mstructs a cleaning system coupled to the truck to
initiate a process to clean concrete residue from the truck. At
step 524, 1t 1s also noted that the cleaning system includes a
water delivery system configured to deliver pressurized
water via one or more conduits to one or more spray headers
coupled to the truck, wherein the cleaning system further
includes a computing device electrically coupled to one or
more valves and configured to automatically operate the one
or more valves to control the release of pressurized water
from the one or more spray headers to clean concrete residue
from one or more back-end portions of the truck. Flow ends
at step 524. An example computing system that may be used
to 1mplement portions of this disclosure 1s now presented.
For example, such a computing system may be used to
automate cleaning via a programmed washing protocol as
described above.

Example Computing System

Various operations described herein may be implemented
by a computing device configured to execute program
instructions that specily the operations. Similarly, various
operations may be performed by circuitry desired or con-
figured to perform the operations. In some embodiments, a
non-transitory computer-readable medium has program
instructions stored thereon that are capable of causing vari-
ous operations described herein. As used herein, the term
“processing element” refers to various elements or combi-
nations of elements configured to execute program instruc-
tions. Processing elements include, for example, circuits
such as an ASIC (Application Specific Integrated Circuit),
portions or circuits of individual processor cores, entire
processor cores, mdividual processors, programmable hard-
ware devices such as a field programmable gate array
(FPGA), and/or larger portions of systems that include
multiple processors, as well as any combinations thereof.

Turning now to FIG. 18, a block diagram of a computing,
device (which may also be referred to as a computing
system) 610 1s depicted, according to some embodiments.
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Computing device 610 may be used to implement various
portions of this disclosure. Computing device 610 1s one
example of a device that may be used as a mobile device, a
server computing system, a client computing system, an
embedded computing system, or any other computing sys-
tem 1mplementing portions of this disclosure.

Computing device 610 may be any suitable type of
device, including, but not limited to, a personal computer
system, laptop or notebook computer, mobile phone, micro-
controller, network computer, etc. As shown, computing
device 610 includes processing unit 650, storage subsystem
612, mput/output (I/0) interface 630 coupled via intercon-
nect 660 (e.g., a system bus). I/O iterface 630 may be
coupled to one or more 1/0 devices 640. Computing device
610 further includes network interface 632, which may be
coupled to network 620 for communications with, for
example, other computing devices.

As described above, processing unit 650 includes one or
more processors. In some embodiments, processing unit 6350
includes one or more coprocessor units. In some embodi-
ments, multiple 1stances of processing unit 650 may be
coupled to interconnect 660. Processing unit 6350 (or each
processor within processing umt 650) may contain a cache
or other form of on-board memory. In some embodiments,
processing unit 650 may be implemented as a general-
purpose processing unit, and in other embodiments it may be
implemented as a special purpose processing unit (e.g., an
ASIC). In general, computing device 610 1s not limited to
any particular type of processing unit or processor subsys-
tem.

As used herein, the terms “processing unit” or “process-
ing element” refer to circuitry configured to perform opera-
tions or to a memory having program instructions stored
therein that are executable by one or more processors to
perform operations. Accordingly, a processing unit may be
implemented as a hardware circuit implemented 1n a variety
of ways. The hardware circuit may include, for example,
custom very-large-scale integration (VLSI) circuits or gate
arrays, ofl-the-shelf semiconductors such as logic chips,
transistors, or other discrete components. A processing unit
may also be implemented 1n programmable hardware
devices such as field programmable gate arrays, program-
mable array logic, programmable logic devices, or the like.
A processing unit may also be configured to execute pro-
gram 1nstructions or computer instructions from any suitable
form of non-transitory computer-readable media to perform
specified operations.

Storage subsystem 612 1s usable by processing umt 6350
(e.g., to store instructions executable by and data used by
processing unit 650). Storage subsystem 612 may be imple-
mented by any suitable type of physical memory media,
including hard disk storage, tloppy disk storage, removable

disk storage, flash memory, random access memory
(RAM—SRAM, EDO RAM, SDRAM, DDR SDRAM,

RDRAM, etc.), ROM (PROM, EEPROM, etc.), and so on.
Storage subsystem 612 may consist solely of wvolatile
memory 1n some embodiments. Storage subsystem 612 may
store program 1instructions executable by computing device
610 using processing umt 630, including program instruc-
tions executable to cause computing device 610 to 1mple-
ment the various techniques disclosed herein.

I/O interface 630 may represent one or more interfaces
and may be any of various types of interfaces configured to
couple to and communicate with other devices, according to
various embodiments. In some embodiments, I/O interface
630 i1s a bridge chip from a front-side to one or more
back-side buses. I/O iterface 630 may be coupled to one or
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more I/O devices 640 via one or more corresponding buses
or other interfaces. Examples of I/O devices include storage
devices (hard disk, optical drive, removable flash drive,
storage array, SAN, or an associated controller), network
interface devices, user interface devices or other devices
(e.g., graphics, sound, etc.).

Example Embodiments

A numbered list of example embodiments follows.
Although they are written in claim-like language, these
embodiments are not the claims of this application (which
follow 1n a separate section), but are merely a number of
embodiments that are specifically contemplated and dis-
closed herein. This list should be taken as exemplary, not
exclusive.

1. A concrete mixer truck, comprising: a chassis assembly
that includes a cab and a frame coupled to a rear portion of
the cab; a mixing drum coupled to the chassis assembly,
wherein the mixing drum 1s configured to mix mput ingre-
dients to produce concrete and discharge the concrete; a
collection hopper positioned to receive concrete from the
mixing drum and configured to direct the received concrete;
a water tank; a water delivery system coupled to the water
tank, wherein the water delivery system 1s configured to
remain in place when the concrete mixer truck 1s 1n transit,
wherein the water delivery system 1s configured to perform
j0b-site cleaning of concrete residue from the concrete mixer
truck, and wherein the water delivery system comprises: one
or more conduits configured to distribute pressurized water;
one or more valves configured to control flow of pressurized
water within the one or more conduits; and a plurality of
spray headers coupled to the one or more conduits, including
a first spray header fixedly coupled to the concrete mixer
truck and configured to dispense pressurized water to clean
a surface of the collection hopper or a rear portion of the
mixing drum 1n response to operation of a particular valve
of the one or more valves.

2. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s a hand-operable switch.

3. The concrete mixer truck of any other embodiment,
wherein the hand-operable switch 1s a dead man’s switch.

4. The concrete mixer truck of any other embodiment,
turther comprising a timing device configured to display
information indicative of an amount of time that the par-
ticular valve has been turned on.

5. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s configured to automatically
turn off after a predetermined time interval or volume
amount.

6. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s located no more than 6 feet
above the ground.

7. The concrete mixer truck of any other embodiment,
turther comprising a diaphragm pump configured to receive
water from the water tank, pressurize the received water, and
output the pressurized water to the one or more conduits.

8. The concrete mixer truck of any other embodiment,
wherein the one or more valves include a plurality of valves,
and wherein the plurality of valves are respectively operable
to cause pressurized water to be dispensed at different ones
of the plurality of spray headers.

9. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s operable to cause water to be
dispensed to clean the collection hopper, and wherein the
plurality of valves includes a second valve, and wherein the
plurality of spray headers include a second spray header
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configured, 1n response to operation of the second valve, to
dispense pressurized water to clean elements within the rear
portion of the mixing drum.

10. The concrete mixer truck of any other embodiment,
wherein the elements within the rear portion of the mixing
drum 1include one or more of the following: surge blade,
discharge blade, drip ring, or any combination thereof.

11. The concrete mixer truck of any other embodiment,
wherein the plurality of valves includes a second valve, and
wherein the plurality of spray headers include a second
spray header configured, in response to operation of the
second valve, to dispense pressurized water to clean a

portion of the surface of the collection hopper.

12. The concrete mixer truck of any other embodiment,
wherein the first spray header 1s configured to clean a portion
of the collection hopper, and wherein the second spray
header 1s fixedly coupled to the concrete mixer truck to
dispense pressurized water to clean a diflerent portion of the
surface of the collection hopper than the first spray header.

13. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s operable to cause water to be
dispensed via at least two of the plurality of spray headers
at the same time.

14. The concrete mixer truck of any other embodiment,
further comprising: a hose, a first end of which 1s coupled to
the water tank; a nozzle coupled to a second end of the hose;
and retention means for securing the nozzle and the second
end of the hose during transit, and for permitting release of
the second end of the hose and the nozzle such that the
second end of the hose and the nozzle are freely movable by
an operator of the concrete mixer truck.

15. The concrete mixer truck of any other embodiment,
wherein the first spray header 1s positioned to dispense
pressurized water via an aperture 1n a bracket fixedly
coupled to the collection hopper.

16. The concrete mixer truck of any other embodiment,
turther comprising a camera configured to provide an image
or video of a portion of a rear portion of the truck.

1”7. The concrete mixer truck of any other embodiment,
wherein the first spray header 1s located closer to a first side
of the concrete mixer truck than a second side, the truck
further comprising a guard element positioned between the
first spray header and the first side of the truck.

18. The concrete mixer truck of any other embodiment,
wherein the guard element 1s made of metal.

19. A concrete mixer truck, comprising: a chassis assem-
bly that includes a cab and a frame coupled to a rear portion
of the cab; a mixing drum coupled to the chassis assembly,
wherein the mixing drum 1s configured to mix mput ingre-
dients to produce concrete, and to discharge the produced
concrete; a discharge assembly positioned to receive con-
crete from the mixing drum and configured to direct the
received concrete; a water delivery system configured to
remain 1n place when the concrete mixer truck 1s 1n transit,
wherein the water delivery system 1s configured to perform
j0b-site cleaning of concrete residue from the concrete mixer
truck, and wherein the water delivery system comprises: one
or more conduits configured to distribute pressurized water;
one or more valves configured to control flow of pressurized
water within the one or more conduits; and a plurality of
spray headers coupled to the one or more conduits, including
a first spray header fixedly coupled to the concrete mixer
truck at least 8 feet above the ground to automatically
dispense pressurized water to clean a portion of the concrete
mixer truck 1n response to operation of a particular valve of
the one or more valves.
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20. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s a hand-operable switch.

21. The concrete mixer truck of any other embodiment,
wherein the switch 1s a dead man’s switch.

22. The concrete mixer truck of any other embodiment,
turther comprising a timing device configured to display
information indicative of an amount of time that the par-
ticular valve has been turned on.

23. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s configured to automatically
turn ofl after a predetermined time interval or water volume
amount.

24. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s located no more than 6 feet
above the ground.

25. The concrete mixer truck of any other embodiment,
turther comprising a diaphragm pump configured to draw
water from a water tank, pressurize the drawn water, and
output the pressurized water to the one or more conduits.

26. The concrete mixer truck of any other embodiment,
wherein the one or more valves include a plurality of valves,
and wherein the plurality of valves are respectively operable
to cause pressurized water to be dispensed at different ones
of the plurality of spray headers.

2'7. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s operable to cause water to be
dispensed via at least two of the plurality of spray headers
at the same time.

28. The concrete mixer truck of any other embodiment,
turther comprising: a hose, a first end of which 1s coupled to
a water tank; a nozzle coupled to a second end of the hose;
and retention means for securing the nozzle and the second
end of the hose during transit, and for permitting release of
the second end of the hose and the nozzle such that the
second end of the hose and the nozzle are freely movable by
an operator of the concrete mixer truck.

29. The concrete mixer truck of any other embodiment,
turther comprising a camera configured to provide an image
or video of a rear portion of the concrete mixer truck located
at least 7 feet above the ground.

30. The concrete mixer truck of any other embodiment,
wherein the first spray header 1s located closer to a first side
of the concrete mixer truck than a second side, the truck
turther comprising a guard element positioned between the
first spray header and the first side of the truck.

31. The concrete mixer truck of any other embodiment,
wherein the guard element includes a metallic component.

32. A concrete mixer truck, comprising: a chassis assem-
bly that includes a cab and a frame coupled to a rear portion
of the cab; a mixing drum coupled to the chassis assembly,
wherein the mixing drum includes at least one blade con-
figured to mix mput ingredients to produce concrete, and to
discharge the produced concrete; a discharge assembly posi-
tioned to receive concrete from the mixing drum and con-
figured to direct the received concrete; a water delivery
system configured to remain in place when the concrete
mixer truck 1s in transit, wherein the water delivery system
1s configured to perform job-site cleaning of concrete resi-
due from the concrete mixer truck, and wherein the water
delivery system comprises: one or more conduits configured
to distribute pressurized water; one or more valves config-
ured to control tlow of pressurized water within the one or
more conduits; and two or more spray headers fixedly
coupled to the concrete mixer truck to receive pressurized
water via the one or more conduits, wherein the two or more
spray headers are configured, 1n response to operation of a
particular valve of the one or more valves, to simultaneously
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dispense pressurized water to clean concrete residue from
one or more rear portions of the concrete mixer truck.

33. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s a hand-operable switch.

34. The concrete mixer truck of any other embodiment,
wherein the hand-operable switch 1s a dead man’s switch.

35. The concrete mixer truck of any other embodiment,
further comprising a timing device configured to display
information indicative of an amount of time that the par-
ticular valve has been turned on.

36. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s configured to automatically
turn ofl after a predetermined time interval.

3’7. The concrete mixer truck of any other embodiment,
wherein the particular valve 1s located no more than 6 feet
above the ground.

38. The concrete mixer truck of any other embodiment,
further comprising a diaphragm pump configured to receive
water from a water tank, pressurize the received water, and
output the pressurized water to the one or more conduits.

39. The concrete mixer truck of any other embodiment,
wherein the one or more valves include a plurality of valves,
and wherein the plurality of valves are respectively operable
to cause pressurized water to be dispensed at different ones
of the two or more spray headers.

40. The concrete mixer truck of any other embodiment,
turther comprising: a hose, a first end of which 1s coupled to
a water tank; a nozzle coupled to a second end of the hose;
and retention means for securing the nozzle and the second
of the hose during transit, and for permitting release of the
second end of the hose and the nozzle such that the second
end of the hose and the nozzle are freely movable by an
operator of the concrete mixer truck.

41. The concrete mixer truck of any other embodiment,
wherein the two or more spray headers are positioned to
dispense pressurized water via an aperture 1n a bracket
fixedly coupled to a collection hopper within the discharge
assembly.

42. The concrete mixer truck of any other embodiment,
turther comprising a camera configured to provide an 1mage
or video of an upper rear portion of the truck.

43, The concrete mixer truck of any other embodiment,
wherein the two or more spray headers include a first spray
header located closer to a first side of the concrete mixer
truck than a second side, the truck further comprising a
guard element positioned between the first spray header and
the first side of the truck.

44, The concrete mixer truck of any other embodiment,
wherein the guard element includes a metallic component.

45. Amethod, comprising: operating an in-transit concrete
mixer truck to dispense concrete; and after dispensing the
concrete, operating a cleaning system coupled to the truck to
clean concrete residue from one or more back-end portions
of the truck; wherein the cleaning system includes a water
delivery system configured to deliver pressurized water via
one or more conduits to a plurality of spray headers coupled
to the truck, wherein the cleaning system further includes
one or more valves operable to control the release of
pressurized water from the plurality of spray headers to
automatically clean one or more back-end portions of the
truck.

46. The method of any other embodiment, wherein the
one or more back-end portions 1nclude at least a portion of
a surface of a collection hopper.

4’7. The method of any other embodiment, wherein the
one or more back-end portions include at least a rear portion
of a mixing drum of the truck.
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48. The method of any other embodiment, wherein at least
one of the one or more back-end portions 1s at least 8 feet
above the ground.

49. The method of any other embodiment, wherein a
particular one of the one or more valves i1s operable to
release pressurized water from at least two of the plurality of
spray headers at the same time.

50. A concrete mixer truck, comprising: a chassis assem-
bly that includes a cab and a frame coupled to a rear portion
of the cab; a mixing drum coupled to the chassis assembly,
wherein the mixing drum 1s configured to mix mput ingre-
dients to produce concrete, and wherein a rear portion of the
mixing drum 1s configured to discharge concrete; a discharge
assembly positioned to recerve concrete from the mixing
drum and configured to direct the received concrete, wherein
the discharge assembly includes a collection hopper; a
cleaning system coupled to the concrete mixer truck and
configured to remain 1n place when the concrete mixer truck
1s 1n transit, wherein the cleaning system includes: one or
more conduits configured to distribute pressurized water;
one or more valves that control water tlow within the one or
more conduits; one or more spray headers configured to
dispense pressurized water delivered via the one or more
conduits; and a computing device electrically coupled to the
one or more valves, wherein the computing device 1s con-
figured to automatically operate the one or more valves to
release pressurized water from at least one of the one or
more spray headers, including to one or more portions of the
discharge assembly or the rear portion of the mixing drum.

51. The concrete mixer truck of any other embodiment,
wherein the cleaning system further comprises a user inter-
tace control, including a portion selectable to nitiate clean-
ing concrete residue from the concrete mixer truck.

52. The concrete mixer truck of any other embodiment,
wherein the user interface control 1s within the cab.

53. The concrete mixer truck of any other embodiment,
wherein the user interface control 1s located within a control
unit positioned on an exterior of a driver-side portion of the
truck.

54. The concrete mixer truck of any other embodiment,
wherein the portion of the user interface control 1s a button.

55. The concrete mixer truck of any other embodiment,
wherein the portion of the user interface control 1s a portion
ol a touch screen.

56. The concrete mixer truck of any other embodiment,
wherein the cleaning system, 1n response to selection of the
portion of the user interface control, 1s configured to perform
the cleaning according to a washing protocol, and wherein
the cleaning system 1s configured to automatically terminate
the cleaning upon conclusion of the washing protocol.

57. The concrete mixer truck of any other embodiment,
wherein the user interface control includes a second portion

selectable to terminate the cleaning of the concrete mixer
truck.

58. The concrete mixer truck of any other embodiment,
wherein the portion of the user interface control 1s selectable
to 1imitiate cleaning concrete residue from the concrete mixer
truck according to a washing protocol.

59. The concrete mixer truck of any other embodiment,
wherein the washing protocol specifies one or more time
intervals during which the one or more valves are open.

60. The concrete mixer truck of any other embodiment,
wherein the washing protocol specifies a sequence to operate
the one or more spray headers, wherein the sequence
includes two or more steps, each of which includes directing
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pressurized water to a subset of the one or more spray
headers for a time interval or water volume amount corre-
sponding to that step.

61. The concrete mixer truck of any other embodiment,
wherein the washing protocol 1s user-selectable from a
plurality of different washing protocols.

62. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s configured to automatically
terminate the cleaning of the concrete mixer truck after a
predetermined washing protocol has been performed, and
wherein the second portion of the user interface control 1s
selectable to terminate the cleaning of the concrete mixer
truck prior to the predetermined washing protocol conclud-
ng.

63. The concrete mixer truck of any other embodiment,
wherein the computing device 1s electrically coupled to the
one or more valves via a communication bus.

64. The concrete mixer truck of any other embodiment,
wherein the communication bus 1s configured to use a CAN
bus protocol.

65. The concrete mixer truck of any other embodiment,
wherein the computing device 1s electrically coupled to the
one or more valves via one or more hardwired control lines.

66. The concrete mixer truck of any other embodiment,
wherein the discharge assembly includes a chute positioned
to receive concrete from the collection hopper and config-
ured to direct and dispense the received concrete, and
wherein the cleaning system 1s configured to clean at least a
portion of the chute.

6’7. The concrete mixer truck of any other embodiment,
wherein the cleaning system further includes a first hose
coupled to a water supply at a first end and to a hand-
operable nozzle at a second end, wherein the second end 1s
freely movable by an operator of the concrete mixer truck,
and wherein the first hose 1s of suflicient length to permait
operator cleaning of the chute.

68. The concrete mixer truck of any other embodiment,
wherein the discharge assembly includes a drum hoop,
pedestal support structure, and one or more chutes.

69. The concrete mixer truck of any other embodiment,
further comprising a ladder coupled to the concrete mixer
truck, wherein the ladder 1s positioned to permit user access
from the ground to at least a point that permits visual
inspection of the collection hopper.

70. The concrete mixer truck of any other embodiment,
wherein the cleaning system further comprises a plurality of
hoses coupled to receive water from a water supply and
configured to permit operator cleaning of the concrete mixer
truck, wherein at least one of the hoses 1s accessible via a
ladder coupled to the concrete mixer truck.

71. The concrete mixer truck of any other embodiment,
wherein the cleaning system further comprises a pressurized
water tank configured to supply pressurized water to the one
or more conduits.

72. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s configured to dispense water
from the one or more spray headers at a pressure level
between 40 and 150 pounds per square inch.

73. The concrete mixer truck of any other embodiment,
wherein the cleaning system further comprises: a water tank;
and a diaphragm pump configured to draw unpressurized
water Irom the water tank and provide pressurized water to
the one or more conduits.

74. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s releasably secured to the
concrete mixer truck.




US 11,926,291 B2

23

75. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s permanently aflixed to the
concrete mixer truck.

76. The concrete mixer truck of any other embodiment,
wherein the computing device 1s configured to automatically
turn on the one or more valves to dispense water.

7’7. The concrete mixer truck of any other embodiment,
wherein the computing device 1s configured to automatically
turn off the one or more valves to shutoil water.

78. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s configured to dispense water
to clean a rear portion of the mixing drum.

79. The concrete mixer truck of any other embodiment,
turther comprising a charge hopper positioned to receive and
direct the mput ingredients mto the mixing drum, wherein
the cleaning system 1s configured to automatically operate
the one or more valves to dispense water to clean a surface
of the charge hopper.

80. The concrete mixer truck of any other embodiment,
wherein the computing device 1s operable to dispense water
to two or more different portions of the discharge assembly
at the same time.

81. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s configured to clean the
following portions of the concrete mixer truck: discharge
blade, drum surge blade, drum shell, drum drip ring, interior
portion of a collection hopper, or any combination thereof.

82. The concrete mixer truck of any other embodiment,
wherein the one or more spray headers include a plurality of
sets of spray headers, and wherein the computing device 1s
configured to sequence the release of pressurized water to
different ones of the plurality of sets of spray headers.

83. The concrete mixer truck of any other embodiment,
wherein the plurality of sets of spray headers include at least
a first set of one or more spray headers and a second set of
one or more spray headers.

84. The concrete mixer truck of any other embodiment,
wherein the computing device 1s configured to automatically
operate the one or more valves to control the release of
pressurized water to the first set of spray headers but not the
second set of spray headers.

85. The concrete mixer truck of any other embodiment,
wherein the computing device 1s configured to automatically
operate the one or more valves to control the release of
pressurized water to the first set of spray headers for a first
time interval or for a first water volume amount and to
subsequently control the release of pressurized water to the
second set of spray headers for a second time 1nterval or for
a second water volume amount.

86. The concrete mixer truck of any other embodiment,
wherein the first and second time intervals or the first and
second water volume amounts are diflerent.

87. The concrete mixer truck of any other embodiment,
wherein the first and second time intervals are user-adjust-
able.

88. The concrete mixer truck of any other embodiment,
wherein the one or more conduits include flexible tubing.

89. The concrete mixer truck of any other embodiment,
wherein at least one of the one or more spray headers 1s
coupled to a portion of the concrete mixer truck that 1s at
least 8 feet above the ground.

90. The concrete mixer truck of any other embodiment,
turther comprising at least a first bracket coupled to the
concrete mixer truck, wherein a first spray header of the one
or more spray headers 1s coupled to the first bracket.
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91. The concrete mixer truck of any other embodiment,
further comprising a guard element coupled to the concrete
mixer truck to protect the first spray header.

92. The concrete mixer truck of any other embodiment,
wherein the guard element 1s made of metal.

93. The concrete mixer truck of any other embodiment,
wherein the one or more spray headers includes three or
more spray headers, and wherein the computing device 1s
configured to automatically operate the one or more valves
to release water to all of the three or more spray headers at
the same time to clean concrete residue from the concrete
mixer truck 1 a single cycle.

94. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes a first bracket aflixed
to a drum hoop, and wherein a first spray header of the one
or more spray headers 1s coupled to the first bracket and
positioned to clean at least one of the following portions of
the concrete mixer truck located within the mixing drum:
surge blade, discharge blade.

95. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes a second bracket
allixed to a drniver-side portion of a collection hopper, and
wherein a second spray header of the one or more spray
headers 1s coupled to the second bracket and positioned to
clean the discharge blades.

96. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes third and fourth spray
headers coupled to the second bracket and positioned to
dispense water 1n a downward direction to clean a drniver-
side corner of the collection hopper, and wherein the clean-
ing system includes a fifth spray header coupled to the
second bracket and positioned to clean an inside of a
rearmost face of the collection hopper.

9’7. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes a third bracket athixed
to a passenger side of the collection hopper, wherein the
cleaning system includes sixth and seventh spray headers
coupled to the third bracket and positioned to dispense water
in a downward direction to clean a passenger-side corner of
the collection hopper, and wherein the cleaning system
includes an eighth spray header coupled to the third bracket
and positioned to clean a diflerent portion of an 1nside of a
rearmost face of the collection hopper.

98. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes a second bracket
alhixed to a dniver-side portion of a collection hopper, and
wherein a second spray header of the one or more spray
headers 1s coupled to the second bracket and positioned to
clean discharge blades within the mixing drum.

99. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes third and fourth spray
headers coupled to the second bracket and positioned to
dispense water 1n a downward direction to clean a driver-
side corner of the collection hopper, and wherein the clean-
ing system includes a fifth spray header coupled to the
second bracket and positioned to clean an inside of a
rearmost face of the collection hopper.

100. The concrete mixer truck of any other embodiment,
wherein the cleaning system includes a third bracket athxed
to a passenger side of a collection hopper, wherein the
cleaning system includes sixth and seventh spray headers
coupled to the third bracket and positioned to dispense water
in a downward direction to clean a passenger-side corner of
the collection hopper, and wherein the cleaning system
includes an eighth spray header coupled to the third bracket
and positioned to clean an inside of a rearmost face of the
collection hopper.
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101. The concrete mixer truck of any other embodiment,
wherein the cleaning system 1s configured to measure an
amount of water dispensed from a water tank of the truck.

102. The concrete mixer truck of any other embodiment,
turther comprising one or more cameras configured to
display portions of the concrete mixer truck not visible from
the ground, including portions of the discharge assembly,
wherein the one or more cameras are usable to verify that
concrete residue has been cleaned from the concrete mixer
truck by the cleaning system.

103. The concrete mixer truck of any other embodiment,
turther comprising a memory storing program instructions
executable by the computing device to automatically operate
the one or more valves.

104. A method, comprising: operating an in-transit con-
crete mixer truck to dispense concrete; and after dispensing
the concrete, mstructing a cleaning system coupled to the
truck to initiate a process to clean concrete residue from the
truck; wherein the cleaning system includes a water delivery
system configured to deliver pressurized water via one or
more conduits to one or more spray headers coupled to the
truck, wherein the cleaning system further includes a com-
puting device electrically coupled to one or more valves and
configured to automatically operate the one or more valves
to control the release of pressurized water from the one or
more spray headers to clean concrete residue from one or
more back-end portions of the truck.

105. The method of any other embodiment, wherein the
cleaning system 1s configured to clean the one or more
back-end portions of the truck without requiring an operator
of the truck to manually clean any of the one or more
back-end portions of the truck from a ladder mounted to the
truck.

106. The method of any other embodiment, wherein the
cleaning system 1s configured to clean the truck without
requiring an operator of the truck to use a hose to manually
clean a collection hopper of the truck.

10°7. The method of any other embodiment, wherein the
istructing includes selecting one of a predetermined set of
washing protocols.

108. The method of any other embodiment, further com-
prising the cleaning system automatically discontinuing
releasing water from the one or more spray headers after
concluding a washing protocol.

109. The method of any other embodiment, wherein the
process ncludes cleaning the one or more back-end portions
of the truck by performing a washing protocol that includes
selectively turning on different subsets of the one or more
spray headers at different times.

110. The method of any other embodiment, wherein the
process mncludes cleaning the one or more back-end portions
of the truck by performing a washing protocol that includes
a single washing cycle 1n which all of the one or more spray
headers are turned on at once.

111. The method of any other embodiment, wherein the
computing device 1s further configured to cause a drum of
the truck to rotate during the process to clean the concrete
residue from the truck.

112. The method of any other embodiment, wherein the
computing device 1s further configured to activate a warning
system during the process to clean the concrete residue from
the truck.

113. The method of any other embodiment, wherein the
warning system includes at least one warning light.

114. The method of any other embodiment, wherein the
warning system includes at least one audible alarm.
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115. A concrete mixer truck, comprising: a mixing drum
configured to mix input ingredients to produce concrete and
discharge the concrete; a collection hopper positioned to
receive concrete from the mixing drum and configured to
direct the received concrete; cleaning means for washing the
collection hopper; water delivery means for providing water
to the cleaning means; and control means for operating the
cleaning means.

116. The concrete mixer truck of any other embodiment,
wherein the cleaning means for washing the collection
hopper 1s turther for washing at least a portion of the mixing,
drum.

This specification includes references to “one embodi-
ment,” “some embodiments,” or “an embodiment.” The
appearances of these phrases do not necessarily refer to the
same embodiment. Particular features, structures, or char-
acteristics may be combined 1n any suitable manner consis-
tent with this disclosure.

As used herein, the term ‘“‘based on” 1s used to describe
one or more factors that affect a determination. This term
does not foreclose the possibility that additional factors may
aflect the determination. That 1s, a determination may be
solely based on specified factors or based on the specified
factors as well as other, unspecified factors. Consider the
phrase “determine A based on B.” This phrase specifies that
B 1s a factor 1s used to determine A or that aflects the
determination of A. This phrase does not foreclose that the
determination of A may also be based on some other factor,
such as C. This phrase 1s also intended to cover an embodi-
ment 1n which A 1s determined based solely on B. As used
herein, the phrase “based on” 1s synonymous with the phrase
“based at least 1 part on.”

As used 1n the appended claims, the term “comprising”
does not foreclose additional structure or steps. Consider a
claim that recites: “An apparatus comprising a spray header
... .0 Such a claim does not foreclose the apparatus from
including additional spray headers or other components.

Within this disclosure, different entities (which may vari-
ously be referred to as “units,” “circuits,” other components,
etc.) may be described or claimed as “configured” to per-
form one or more tasks or operations. This formulation—
[entity] configured to [perform one or more tasks]—is used
herein to refer to structure (1.e., something physical, such as
an electronic circuit). More specifically, this formulation 1s
used to indicate that this structure 1s arranged to perform the
one or more tasks during operation. A structure can be said
to be “configured to” perform some task even 1f the structure
1s not currently being operated. As one example, a “com-
puterized system’ that 1s “configured to execute a washing
protocol” 1s 1ntended to cover, for example, a microcon-
troller that performs this function during operation, even it
it 1s not currently being used (e.g., a power supply 1s not
connected to 1t). Thus, an entity described or recited as
“configured to” perform some task refers to something
physical, such as a device, circuit, memory storing program
instructions executable to implement the task, etc. This
phrase 1s not used herein to refer to something intangible.

The term “configured to” 1s not intended to mean *“con-
figurable to.” An unprogrammed FPGA, for example, would
not be considered to be “configured to” perform some
specific function, although 1t may be “configurable to”
perform that function, and may, after programming, be
“configured to” perform that function.

Reciting 1n the appended claims that a structure 1s “con-
figured to” perform one or more tasks 1s expressly intended

not to invoke 35 U.S.C. § 112(1) for that claim element. A
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claim element 1n this application should only be interpreted
under § 112(1) 11 1t explicitly recites the phrase “means for”
[performing a function].

A distinction 1s made 1n this disclosure between an item
that 1s “fixedly coupled™ and one that 1s “freely movable.” In
the various disclosed embodiments, for example, spray
headers are described as being “fixedly coupled” to concrete
mixer truck. As used herein, this phrase means that the spray
header 1s attached to the concrete mixer truck such that the
spray header does not move during operation of the truck.
For example, consider a spray header positioned on one side
of the collection hopper to clean an opposite side of the
collection hopper. I such a spray header 1s “fixedly coupled”
to the concrete mixer truck, this means that the coupling 1s
designed to maintain the location of the spray header, such
that, when operated, the spray header will continue to clean
a corresponding portion of the truck. In some embodiments,
a fixedly coupled spray header may also be movably coupled
to a conduit, such that the orientation, but not the location,
of the spray header can rotate, oscillate, vibrate, or otherwise
move mternally or externally to clean a larger surface area.

In contrast, consider a standard water hose with a hand-
operable nozzle found on concrete mixer trucks. A first end
of such a hose may be fixedly coupled to the water tank. A
second end of the hose with the nozzle, however, 1s designed
to be freely movable such that an operator of the truck can
move the nozzle 1n any desired direction to clean concrete
residue from the truck. (Of course, during transit, the second
end of the hose may be releasably secured to the truck using
any suitable retention mechanism, including a hook, clasp,
latch, spring, and the like. When desired, such as at a job
site, an operator of the truck may release the second end of
the hose to make 1t freely movable.)

This disclosure also draws distinctions regarding the ease
with which one item can be removed from another item—ifor
instance, components of the cleaning system from the con-
crete mixer truck, which can variously be said to be “per-
manently athxed” to the concrete mixer truck, “releasably
secured” to the truck, etc. The phrase “permanently atlixed”
1s not intended to connote that the cleaning system 1s athixed
such that it physically cannot be removed from the truck, but
rather that 1t 1s intended to be an integral part of the truck and
1s not removable under normal usage. In contrast, the phrase
“releasably secured” connotes a type of coupling that con-
templates and permits easy removable during normal usage
of the cleaning system. The nozzle end of a standard hose on
a concrete mixer truck used for operator cleaning can be said
to be releasably secured to the truck by being placed on a
hook or clasp, for example. Note that an item that 1s “fixedly
coupled” to another 1tem may also be “permanently athxed”
or “releasably secured” 1n various embodiments. “Fixedly
coupled” refers to the amount of movement that an item can
experience, while “permanently aflixed” and “releasably
secured” refer to the ease 1 removing one item irom
another.

Certain recitations 1n the disclosure may be made via a list
of items, concluding with the phrase “or any combination
thereotl.” Such a recitation 1s mtended to cover any indi-
vidual 1item 1n the list, all items 1n the list in combination, and
any proper subset of items from the list. Consider the phrase
“wherein the cleaning system 1s configured to clean the
following portions of the concrete mixer truck: discharge
blade, drum surge blade, drum shell, drum drip ring, interior
portion of a collection hopper, or any combination thereof.”
This recitation 1s imntended to cover a cleaning system that 1s
configured to clean just a single listed portion of the concrete
mixer truck (e.g., the drip ring), a system that 1s configured
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to clean all of the listed portions, as well as a system that 1s
configured to clean some but not all of the listed portions.
Similarly, consider the phrase “at least one of the following
portions of the concrete mixer truck: surge blade, discharge
blade.” This phrase 1s intended to cover the surge blade but
not the discharge blade, the discharge blade but not the surge
blade, and both the surge and discharge blades.

Although specific embodiments have been described
above, these embodiments are not intended to limit the scope
of the present disclosure, even where only a single embodi-
ment 1s described with respect to a particular feature.
Examples of features provided 1n the disclosure are intended
to be 1llustrative rather than restrictive unless stated other-
wise. The above description 1s mtended to cover such
alternatives, modifications, and equivalents as would be
apparent to a person skilled in the art having the benefit of
this disclosure.

The scope of the present disclosure includes any feature
or combination of features disclosed herein (either explicitly
or implicitly), or any generalization thereol, whether or not
it mitigates any or all of the problems addressed herein.
Accordingly, new claims may be formulated during pros-
ecution of this application (or an application claiming pri-
ority thereto) to any such combination of features. In par-
ticular, with reference to the appended claims, features from
dependent claims may be combined with those of the
independent claims and features from respective indepen-
dent claims may be combined 1n any appropriate manner and
not merely in the specific combinations enumerated in the
appended claims.

What 1s claimed 1s:

1. A method, comprising:

recerving, by a computing device configured to control a

plurality of valves, user iput to mitiate washout of a
rear portion of a concrete mixer truck; and

in response to the user mput, performing, by the comput-

ing device without further user input, washout of the

rear portion of the concrete mixer truck, including by:

causing, by the computing device, a first valve of the
plurality of valves to be opened, wherein the first
valve 1s configured to control water tlow to a first
subset of spray headers that are positioned to clean a
first portion of the concrete mixer truck;

determining, by the computing device, that a first
condition has been met;

in response to determining that the first condition has
been met, causing, by the computing device, the first
valve to be closed;

subsequent to causing the first valve to be closed,
causing, by the computing device, a second valve of
the plurality of valves to be opened, wherein the
second valve 1s configured to control water tlow to a
second subset of spray headers that are positioned to
clean a second portion of the concrete mixer truck;

determining, by the computing device, that a second
condition has been met;

in response to determining that the second condition
has been met, causing, by the computing device, the
second valve to be closed; and

controlling turning of a mixing drum of the concrete
mixer truck while at least one of the first valve or the
second valve 1s open.

2. The method of claim 1, further comprising:

prior to causing the first valve to be opened, detecting, by

the computing device, that a parking brake of the
concrete mixer truck 1s applied and that the concrete
mixer truck 1s 1n neutral gear; and
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in response to the detecting, imtiating, by the computing
device, washout of the rear portion of the concrete
mixer truck.

3. The method of claim 1, wherein the user input indicates
a selection of a washing protocol from a plurality of washing
protocols; and

in response to recerving the selection, mitiating, by the

computing device, execution of the washing protocol.

4. The method of claim 3, wherein at least two of the
plurality of washing protocols correspond to diflerent types
ol concrete.

5. The method of claam 3, wherein the plurality of
washing protocols includes a first washing protocol that 1s
permanently programmed and a second washing protocol
that 1s user-configurable.

6. The method of claim 3, wherein the washing protocol
specifies rotations of the mixing drum before the first valve
1s opened and after the second valve 1s closed.

7. The method of claim 1, further comprising in response
to the user input and prior to performing the washout,
presenting one or more warnings to notify personnel that the
washout 1s about to commence.

8. The method of claim 1, wherein the first subset of spray
headers 1s positioned to clean a portion of the mixing drum;
and wherein the second subset of spray headers are posi-
tioned to clean a different portion of the concrete mixer
truck.

9. The method of claim 1, wherein performing washout of
the rear portion of the concrete mixer truck further includes:

capturing visual information about the washout; and

causing the visual mnformation to be displayed to a user.

10. The method of claim 1,

wherein the first valve 1s a pneumatically actuated water

valve;

wherein causing the first valve to be opened includes the

computing device electronically controlling an air
valve to cause pressurized air to open the pneumatically
actuated water valve; and

wherein causing the first valve to be closed includes the

computing device electronically controlling the air
valve to cause pressurized air to close the pneumati-
cally actuated water valve.

11. An article of manufacture including a non-transitory,
computer-readable medium having i1nstructions stored
thereon that are executable by a computing device to carry
out operations comprising:

receiving a user selection of a washing protocol for

washing a concrete mixer truck, wherein the washing
protocol specifies one or more time intervals during
which selected valves should be open;

based on the selected washing protocol, causing an engine

speed of the concrete mixer truck to change to a
particular engine speed;

based on the selected washing protocol, causing a drum

rotation direction and a drum speed of a mixing drum
of the concrete mixer truck to change to a selected drum
rotation direction and a particular drum speed;

based on the selected washing protocol, causing a first

water valve of the concrete mixer truck to open,
wherein the first water valve 1s operable to dispense
pressurized water via a first set ol one or more spray
headers located at a rear portion of the concrete mixer
truck:

based on the selected washing protocol, causing the first

water valve to close after a first amount of time;
based on the selected washing protocol, causing a second
water valve of the concrete mixer truck to open,
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wherein the second water valve 1s operable to dispense
pressurized water via a second set of one or more spray
headers located at a rear portion of the concrete mixer
truck; and

based on the selected washing protocol, causing the

second water valve to close after a second amount of
time.

12. The article of claim 11, wherein the operations further
comprise:

veritying that the concrete mixer truck 1s 1n neutral gear

and that a parking brake of the concrete mixer truck is
applied.

13. The article of claim 11, wherein the operations further
comprise:

subsequent to causing the second water valve to close,

causing a dump valve of the concrete mixer truck to
open, wherein the dump valve 1s operable to remove
residual water from water lines of the concrete mixer
truck and return the residual water to a water tank of the
concrete mixer truck.

14. The article of claim 11, wherein the computing device
1s coupled to the concrete mixer truck via a CAN bus
protocol.

15. An article of manufacture including a non-transitory,
computer-readable medium having instructions stored
thereon that are executable by a computing device to carry
out operations comprising;:

recerving, by a computing device configured to control a

plurality of valves, user iput to mitiate washout of a
rear portion of a concrete mixer truck; and

in response to the user mput, performing, by the comput-

ing device without further user input, washout of the

rear portion of the concrete mixer truck, including by:

causing, by the computing device, a first valve of the
plurality of valves to be opened, wherein the first
valve 1s configured to control water flow to a first
subset of spray headers that are positioned to clean a
first portion of the concrete mixer truck;

determining, by the computing device, that a first
condition has been met;

in response to determiming that the first condition has
been met, causing, by the computing device, the first
valve to be closed;

subsequent to causing the first valve to be closed,
causing, by the computing device, a second valve of
the plurality of valves to be opened, wherein the
second valve 1s configured to control water flow to a
second subset of spray headers that are positioned to
clean a second portion of the concrete mixer truck;

determining, by the computing device, that a second
condition has been met;

in response to determining that the second condition
has been met, causing, by the computing device, the
second valve to be closed; and

controlling rotation of a mixing drum of the concrete
mixer truck during the washout.

16. The article of claim 15, the operations further com-
prising:

prior to causing the first valve to be opened, detecting, by

the computing device, that a parking brake of the
concrete mixer truck 1s applied and that the concrete
mixer truck 1s 1n neutral gear; and

in response to the detecting, mitiating, by the computing

device, washout of the rear portion of the concrete
mixer truck.
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17. The article of claim 15, wherein the user input
indicates a selection of a washing protocol from a plurality
of washing protocols; and

in response to receiving the selection, initiating, by the

computing device, execution of the washing protocol. 5

18. The article of claim 17, wherein at least two of the
plurality of washing protocols correspond to diflerent types
ol concrete.

19. The article of claam 15, wherein the first subset of
spray headers 1s positioned to clean a portion of the mixing 10
drum; and wherein the second subset of spray headers are
positioned to clean a diflerent portion of the concrete mixer
truck.

20. The article of claim 15, wherein the operations further
comprise: 15
subsequent to causing the second valve to close, causing

a dump valve of the concrete mixer truck to open,
wherein the dump valve 1s operable to remove residual
water from water lines of the concrete mixer truck and
return the residual water to a water tank of the concrete 20
mixer truck.
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